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PRELIMINARY FLIGHT INVESTIGATION OF TEE DYNAMIC
LONGITUDINAL-STABILITY CEARACTERISTICS OF
A 35° SWEPT-WING ATRPIANE

By William C. Triplett and
Rudolph D. Van Dyke, Jr.

SUMMARY.

Flight measurements of the dynamlic longitudinsl-—steability character—
istics of a 35° swept-wing alrplane are presemted in thls report. Pitch—
ing veloclty responses to pulse—type elevator motions were recorded over
& Mach number range of 0.60 to 1.04 at an altitude of approximately
35,000 fest. Ths measured period and damping of these oscillatory
reosponses were used to compubte the static stabllity rerameter Cmm, the

factor Cmq + Cmd,’ and the number of cycles for the oscillations to damp

to l/lO amplitude, These results are cdnmar_ed. wilth the same character—
i1stics estimated from static wind—tunnel data.

The test results show a sharp reductlon in damping at a Mach number
of 0,92 with maximm demping occurring at Mach numbers of 0.88 and 0.9k,
Above 0.9%4 there 1s asgain a decrease in damping that continues over the
remainder of the test range. The static stablility increases rapidly with
Mach number through the transomic rangs, except for a slight decrease at
M = 0.92.

INTRODUCTION

At the present time there are only limited data avallable on the
dynamlic behavior of swept—wing alrcraft, especially at transonic speeds.
The flight—test program belng conducted by the NACA on a 35° swept—wing
airplane includes the determination of dynamlic directionsl—, lateral—,
and longitudinsl-stabillty characteristics as affected by Mach number.
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This report presents the preliminary results of a flight investiga—

tion into the longitwdinal-stabllity characterlstics of the test alrplane.

The slmple method of analysls used here 1s possible hecause the airplane
exhibite a lightly damped short-period oscillatory response. The com—
puted fllght—test cha.racteristics a.re ccmrpared. with estimations ma.de frcm
static wind—tunnel data.

More complete analyses, using addltiomal flight data, are being car—
ried out in order to determine the frequency responses of the alrplane
and the individual. sta.bllity d.eriva.tivas through the subscnic and tran—.
sonic speed ranges.

SIMBOIS
C1 1ift coefficient )
Cn pitching-moment coefficient about a.irpla.ne cen‘ber' of gravity
Cl /10 number of cycles required for oscilla.tion to damp to 1/10 a.mpli-—
tude T T T

Iy monent of Inertia about Y axis, slug feet squared
M Mach number
P periocd of oscillation, seconds
3 wing area, square feet
Sg horizontal-tail area, square feetl
v velocity, feet per secapd
b damping coefficient
bw wing span, feet _

b. /2

. ! W .

T wing mean aerodynamic chord —ob—w7—2——— , feet

f c dy

o
c local wing chord, feet
i, angle of iIncidence of horizontal tall, radians
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k aerodypamic restoring momsnt

1y taill length, feet

m . mass, slugs

a pitching velocity, radlans per secand

time, seconds
, Qistance from plane of symmetry, normal to plane of symmetry, feet
angle of attack, radlens
elevator deflection, radians
downwash angle, radians
tall efficiency
aetmospheric density, slugs per cubic f;Jot
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TEST EQUIPMENT

The test alrplane was a standard North Americen F-86A-5 with exter—
nal booms added as shown In figures 1 and 2. The pertinent physical
characteristics of the airplane are listed in table T.

Standard NACA optlcal instruments synchronized at l/lo—second Inter—
vals by a common timer were used to determine static and impact pressures
on a Kollsmen airspeed head mounted in the nose boom (fig. 2), normel
acceleration at the center of graviiy, pltching velocity, and elewator
and staebilizer positions. The true Mach number and pressiwre altitude
were obtalned by correcting the static and impact pressures 1n accordance
with the calibration of reference 1.

TEST PROCEDURE AND REDUCTION OF DATA

The flight program consisted entirely of elevator pulse—type maneu—
vers and covered a Mach mmber range of 0.60 to 1.0k with corresponding
variations in trim 1ift coefficient of 0.35 to 0.12. The alrplane was
trimmed in either level or diving flight at the start of each run and,
after application of the pulse, the cantrol stick was returned approxi—
mately to the trim position and held against a chain stop so as to mini—
mize any Ilnadvertent elevator motion, The success of thls system i1s
shown in the typlcal flight records presented in figure 3. The pltching—
velocity responses were analyzed by the method shown in appendix A,

EMEEES .
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All records at speeds greater than 0,92 Mach number were taken in
diving flight. For the calculations presented herein, however, the altl—
tude and Mach number were assumed to remain constant at their average
values during the 2— to L—second duration of each run. The velidity of
this assumption is borne out by the data shown in figure 3(a) wherein
the Mach muber does not vary over 0.7 percent during the interval in
which the data wers teken. - The change in flight-—peath angle asscciated.
with a dive may have some effect on the response of the ailrplane; how—
ever, analytic investigation showed thaet in this case the effect on the
Period and damping of the oscillatory mode was megligible.

Since the actual flights covered an altituds range of 30,000 to
k0,000 feet » the period and dampling measuremsnts were corrected to =
standard altituie of 35,000 feet by assuming that. the damping varies
directly with the alr density and that the period is Inversely propor—
tional to the square root of the density.

RESULTS AND DISCUSSION

The perlod of the oscillations as measured from £light records is
plotted in figure b as a function of Mach number. It should be remem—
bered that all the date presented heérein were obtained in either level
or diving flight, the 1ift coefficient varylng between 0.35 and 0.12 at .
35,000 feet over the speed range covered. It can be noted that there is
e contlnuous decrease in period with increasing speed except for the
slight rise between Mach mumbers of 0.92 and 0.9%. Also shown are wvalues
of period estimated from wind~tunnel date of reference 2 by the method
shown in appendix B. The walues compubed from the wind—tumnel data are
somewhat smaller In magnitude but show the same variation with speed as
the test values of perlod. :

Figure 5 shows a plot of damping coefficients that were obitained
Trom the oscillistion records by the method described in appendix A,
Examinatlon of this curve shows that, after reaching a peak walue at a
Mach number of 0.88, the damping drops sharply to a low wvalue at 0.92,
after which there is a sudden Increase to a maximm at a Mach nunber of
0.94. Above 0.94 the damping decreases in an irrsgular fashion over the:
remainder of the test range. It should be noted that the sharp decrease
in damping is defined by five separaie test polnts taken independently
at about Mach number 0.92. This 1s also the sams speed at which the
lrregularity in the period was noted.

Also plotted in the same figure ars estimated values of damping
(see appendix B) which show somewhat smaller magnitudes over the range
of Mach numbers covered by the wind tunnel. This difference may result
from the assumptlions made regarding both de /d.c, (0.5) and the portion
of Mg dus %o the wing and fu.seif.a.gf ‘(0.25_“Mqt).

R A
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Considerable scatter can be noted in the test polnts of figure 5.
This 1is an indication of the difficulty involved in falring an expomen—
tisl envelope to the test data. The accuracy of the measurements 1s
poorer at the lowbr speeds becguse the oscillations were almost completely
demped within one cycle. It was very difflicult to determine the damping '
from these test measurements at Mach numbers below 0.70. At the higher
speeds (above Mach number 1.0) the scatter is not dus entirely to inaccu—
rate measurements since the records consisted of two or maore well-defined
cycles. The period meassurements appear tc be more consistent and no dif-
ficulty was encountered except at the lowest test speeds.

The period and damping test data (figs. % and 5) were used to com—
pute the static sbability paramster C shown in figure 6, The flight—

test curve shows a rapld Increase In static stebility with increasing
Ma.ch number except for a dip, which is simllar to that previously noted
in figure k,

The computed values of Cm(; ‘should have the same degree of accu—
racy as the orlglnal pericd meassurements since the perled of osclllation
depands almost entirely on Cmq,' As indicated 1In appendix A, however,
a small error was iIntroduced by the omission of the term Zan/mVIy; .

but in this case the error was estimated to be negligible at high speeds
and less than 4 percent at the lowest test speed.

Also plotted in figure 6 are wvalues of Cmon obtained from the data

of reference 2, There is falr agreement between the two curves, although
the wind—tunnel results do show higher walues of static stability corre—
sponding to a shift In neutral point of about 2.5 percent.

The varletion of . Cmq + cmd with Mach nuwber is plotted in flgure T.

This parameter was computed by combining experimental wvalues of damping
coefficlient b taken from the falred curve of figure 5 with values cof
Cr, taken from figure 8. These calculatlions are explained in appen—

dix A,

By comparing figures 5 and T, it can be seen that hoth curves exhiblt
the same general characteristics at Mach numbers greater than 0.92. At
the lower speeds, however, the influence of CLa. causes the total damp—

ing b +to increase with Mech number, while the term + Cm& is actu—.
8lly decreasing. The sudden drop In b &t Mach number 0.88 1s due also,

lFigure 8 1s the result of estimations made by the North American Avia—
tion Company based on wind—tumnel (reference 2) and transonic—bump
tests.

aExailh
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.at least partially, to the decrease in CLu. that occurs at this same
speed.

from reference 2. Slince the same wvalues of were used in computing

both curves in thils figure, the poor agreement between the two is the «~
result of discrepancies hetween the estimated and the experimental damp—Rytl.is»
ing coefficients shown in figure 5. In general, the accuracy to which 'lﬁyfk
Cmq + Cma can be determined experimentally is limited by the accuracies &

of both Db and th, As shown 1n appendix A, Cmq + Cmd‘ is propor—

tional to the difference between b and Za/mv and thus will usuwally
be less accurate than elther of these two quantitles., Kxamination of the
wind—tumnnel data used in this report shows that Zq_/mv is approximately
one~half gs large as Db; thus a l-percent error In b results in a-

2-—percent error in Cnh + Cm&

Also plotted in figure T is the variation of Cmq + Cpe, estimted 5}'*{?.

In figure 9 is plotted the number of cycles required for the oscil—
lations to damp to l/lO amplitude. The curve shows that below a-Mach
number of 0.85, approximetely 0.95 cycle is required. Above this speed
the mumber of cycles required increases repidly with Mach number, exhib—
1ting Irregularities simllar to those noted in the damping curve.

Amss Aeronautical Isboratory,
Netional Advisory Committee for Aeronautics,
Moffett Field, Calif.
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APPENDIX A
METHOD OF ANAILYSIS

For the analysis used 1n this report, the follow_i:n_g: longitudinal
equations of motion are asswmed: -~ = 0

uV (& — q) = Zga + Zgd (A1)

Iy G = Moo + Mgd + Mqq + Mgd (a2)

Solving the itwo eguations simumltanecusly for q/ﬁ vields

q CiD + CO
e il < I (A3)
- B DZ + 1D + k
where
=4 . _ ' :
D it o (ak)
Z —M . ’ .
o, = 2B~ Mefa . R S 1 U)'
mv Iy
ZgMe M, ) N
Cy = i + _5 e - i i 2 (AB)
mVIy Iy
b=—2a_ Mg _ M-ﬁ= damping coefficient . (A7)
oV Ty Iy . .
k = ZMg Mo ‘aerodynamic restoring moment _ (A8)

mVIy Iy

S ¢
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e
= g

The damping coefficlent ‘b can be cbtained from a typical oscillia—
tion record. such as shown in figure 10 whers the equation of the envelope
is assumed to be of the form

— by
a =6 =2 (Ag)
Thus }
b - l'ﬂ(a-l/a-a) (a10)
2 Tty

The aerodynamic restoring moment k is determined from ths period
of the oscillation as follows:

_ 2% P
P = ~ (a11)

Se-3)

and, by rearranging terms,
2 2 _
RECORO i

The term Cp, can be determined fram k by using equation (A8),

onitting the term Zan/m\?Iy. Investigation has shown that,in this cases,
this term is very small compared to Mq,/ly. Thus ,

My Sc pv=
k-—-f;——cmaf;—‘é— (a13)
and
kT.
Cm, 5o o (A1k)

The damping factor . C. + Cm& can be obtained from equation (AT)

using known values of b and CLcr,'
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1 -
Iy (Mq * Md) my b
hr.
. pvS _
Cmq * COmg = pvSc2 <T 2m

The term Ci;1o 18 obtained from the relation

C' = In 10
. 1/ 10 —IT"E—
)

)
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(A15)

(a16)

(A17)
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AFFENDIX B

ESTIMATTION OF DYNAMIC STABITTTY PARAMETERS

FROM STATIC WIND-TUNNEL TESTS

In general, 1t 1s not possible to obtaln dynamic stabllity perameters
directly from statlc wind—bunnel tests. By meking certain assumptions,
) however, it was possible to estimate ths values of the coefficients b
and k wusing the data of reference 2; then the other stabllity perameters
were computed by the methods of appendix A.

In appendix A 1t was shown that

To determine b and k 1t was necessary to evaluate Z,, Mg,
Mg, end M, using wind—tuunel plots of Cy_, dC/di,, =and dC,/dCy.
This was done as follows: '

For Zg,

V2
Zo = = COr 55— 8
For Mg, the portion of Mq dus to the tail alons can be expressed as

M. =—m, %Iy BV Syly
q.‘t—_nt d'd"b 2

and since
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then
_ dCy pVBTly,
Moy = diy 2

In addition, however, the portiom of Mq due to the wing and fuselage
must alsc be estimated; in this ca.se, 1t was assumed to be 25—percent of

TharePare . .
‘th. -l-uv-l-uﬂ-v‘.v,

G VScl
My = 1.25 4Cm PVECIy
Q. aiy 2

For Mg, M3 can be expressed as

01 ge PVB4l4>

Moo=t o a2
or
. _ de
Mg -Mqt da

The term d.e/do:. was estimated to be 0.5 over the wind—tunnel speed range.

For My, M, can be obtained from the plot of dC,/dC; in reference 2
where C, 1s the moment coefficient about the quarter—chord point. The

center of gravity of the test alrplane was located at approximmtely 22.5
percent of the mean aerodymamic chord. Thus,

Cm, L‘I(ch 0'025>

and

Mg, = Cpy g-vst
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TABIE I.— PHYSICAYL CHARACTERISTICS OF TEST ATRPIANE

Totel area (including flaps, slats, and
49.92 sq £t covered by fuselage . . . « . . . .
Aspect ratio . . . ¢ v ¢ 4 ¢ e e 4 4 e e aie . s

Taper ratio . . . . o o

Mean aerodynamic chord (wing station 98 7 in.
measured normal to center 1iN8) & v v ¢ ¢ v o .

Sweepback of 0.25—chord line . . . .- T .

Root alrfoil section (normal to O. 25—chcrd line)

Tip airfoll section (normal to 0.25-chord line) .

Horlzontal Tall

Total area (including 1.20 sq £t covered by
fuselage . . ¢ & ¢« ¢« « o & s s ot o o ¢ o o s
SPAan . . v h v i e i e e e e e e e e e e e e e
Aspect ratio . . . ¢ ¢ ¢ 4 e 4 e e s e e e e
Taper ratio . . . e« & o o
Mean aerodynamic chord (horizcntal—tail S
station 33.5% 1n.) . . . . . . 00 s e e
Sweepback of 0.25—chord 1ine . . . « « &+ « « « .
Alrfoll section (perallel to cemter line) e e .
Tail Jengbth . o v v o ¢ ¢ o« « = = o = o o« o o o »

Weight and corresponding center—of- gravity'position
(landing gear retracted)

Take—off (c.g. at 23.0-percent M.A.C.) . . . . .

Landing (c.g. at 21.9—percent M.A.C.) . . . . . .

Average for computation purposes (c.g. at
22.5percent MJA.C. . . ¢« ¢« v & 4 ¢ ¢ o v o e .

Average moment of inertis about Yaxis . . . . . . .

. . 287.9 8q Tt

.. 37.1 £%
. . k.79
. . 0.51
e+ 97.03 in.
. . 35°141t
. NACA oo0l12-6h

(modified)
. NACA 0011-6k4

{modified)

. 35.0 8q ft

. 12.8 't
. 4,65
. 0.45
. | 34, 7 in.
. 349351
. HACA 0010-64
. 18.12 ft
. 14,102 1b
. 11,612 1b
. | 12,800 .lb

17,480 slug-ft2
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Flgure l.— Photograph of test airpiane showing extermal boon configuration,
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§ Fixed airspeed
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37.5¢4'

Figure 2-Two -view drawing of fest a/rplane s/)awmg researcb
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Figure 3.— Sample flight records of pressure alfifude, Mach number,
pitching velocity, and elevator angle .
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Figure 3.— Concluded.
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20
28 Estimated from data of reference 2
—O— Determined from flight data
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Figure 4.- Variation of period of oscillation with Mach number.
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Figure 5.- Variation of damping coefficient with Mach number.
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Figure 6.- Variation of Gf"a with Mach number.
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— — Computed from flight data
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Figure 7.- Variation of G 7 + 6,,,& with Mach number.
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Figure 8.— Manufaciurers estimates of the variation with Mach number of lift-curve
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Figure 9.- Number of cycles required for oscillation to damp fo (/10 amplitude.
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Figure 10.— Definition of terms used in the analysis of a typical oscillation.
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